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[57] ABSTRACT 

An emulator software in a semiconductor test system for 
emulating hardware in the semiconductor test system as well 
as a semiconductor device to be tested without need to use 
an actual test system hardware. The emulator software 
includes an emulator unit which emulates a function of each 
hardware unit of the test system, a device emulator which 
emulates a function of a semiconductor device to be tested, 
a data collecting part for acquiring data from the emulator 
unit necessary for carrying out a test program, and a device 
test emulator which generates a test signal to be applied to 
the device emulator based on the acquired data and com- 
pares the resultant signal from the device emulator with the 
expected data and stores the comparison result therein. In the 
other aspect, the emulator is combined with the operating 
system of the semiconductor test system which is capable of 
easily modifying the software when there is a change or 
replacement of the hardware of the test system so that the 
transmission of the control data for the hardware and its 
operation or the development of the test program can be 
carried out without using the hardware of the test system. 

3 Claims 4 Drawing Sheets 
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TEST SYSTEM EMULATOR to accordingly modify the software to control the hardware 

that has been newly added or modified. This usually includes 

FIELD OF THE INVENTION the process of transferring the appropriate data to internal 

m , „ registers in the newly added or modified hardware. 

Tn. invention relates to a semiconductor test system for ^ ^ mwiCDdm{ technologV( such a modification of the 

testmg semiconductor devices such as an IC, and more ^ accordance ^ the cha ^ the hardware * 

particularly, to a semiconductor test system emulator for no[ casily carried om For exampley in such a situation, the 

emulating hardware in a semiconductor test system or even conventional technology requires a complicated modifica- 

a semiconductor device to be tested by the semiconductor tion procedure of thc software and thus involves long works, 

test system without the hardware of the test system. Further, to carry out a work for such a software modification, 

Furthermore, this invention relates to a semiconductor test it is anally necessary to use the hardware which has actually 

system emulator to be used with an operating system which been changed or added it js desired in the industry to 

is capable of easily modifying a software when there is a deve i op means f or eas ii y carr y out the modification of the 

change in a hardware of the semiconductor test system. software in accordance with the change or addition in the 

BACKGROUND OF THE INVENTION is h f dware of ^ semiconductor test system prior to the actual 

change or addition of the hardware. It is also desired that 

In a semiconductor test system for testing semiconductor sucn modification of software or the development of test 

devices, a test signal pattern called a test vector is provided program and its debugging associated with the change or 

to a semiconductor device under test and a resultant output addition of the hardware be made only by emulating such 

from the semiconductor device is compared with an 2Q hardware without using the actually hardware to be added to 

expected value signal established in advance to determined the system. 

whether the semiconductor device under test works correctly SUMMARY OF THE INVENTION 
or not. Generally, the test vector is produced through a test 

program. The languages in the test program are unique to Therefore, it is an object of the present invention to 



manufacturers of the semiconductor test system and vary provide an emulator to be used in.a semiconductor, tfiSt 
from manufacture to manufacture. To sufficiently test com- system f or testing a semiconductor device which is capable 
plicated computer chips or large scale semiconductor of producing a test program or confirmation of the operation 



memories, for example, a semiconductor test system must of the test program without using the hardware resources of 

perform complicated and sophisticated test at high speed. the semiconductor test system. 

Therefore, an actual structure of the semiconductor test 3Q It is another object of the present invention to provide an 

system is a structure of a large scale computer system. emulator to be used in a semiconductor test system for 

Consequently, a large scale software including the above testing a semiconductor device which is capable of produc- 

noted test program is used to control the test and other ing a test program and debugging the test program with 

operations of the semiconductor test system. further detailed and specific levels, such as applying a test 

In the semiconductor production industry, there is a strong 35 signal to the device to be tested and evaluating the resultant 

demand to improve efficiency of a semiconductor test sys- output signals from the device to be tested, 

tem. This is because that a recent semiconductor test system It is a further object of the present invention to provide an 

is a complicated and expensive system and price competi- emulator for a semiconductor test system which is capable 

tion of semiconductor devices is fierce. Therefore, an exclu- of easily and quickly utilizing the software resources 

sive use of the semiconductor test system for a process such 40 obtained in the production or application processes of the 

as producing a test program for semiconductor devices to be semiconductor test system to a newly added hardware, a 

tested must be avoided. Further, it is desired that the newly modified hardware or a separate test system such as a newly 

produced test program in such a process be evaluated and modeled semiconductor test system without using the actual 

confirmed without using the hardware of the semiconductor hardware of the test system. 

test system. 45 The semiconductor test system of the present invention 

As a consequence, in a modern, high end semiconductor includes an emulator unit which emulates a function of each 

test system, an emulator is frequently employed. However, hardware unit of the test system, a device emulator which 

in a conventional semiconductor test system, an emulator is emulates a function of a semiconductor device to be tested, 

only to emulate an operating system of the semiconductor means for acquiring data from the emulator umt necessary 

test system, and thus, its function is not sufficient. For 5 o for carrying out a test program, and a device test emulator 

example, the conventional emulator is not able to perform which generates a test signal to be applied to the device 

the level of emulation in which the test for a specific emulator based on the acquired data and compares the 

semiconductor device is executed by applying test vectors to resultant signal from the device emulator with the expected 

the semiconductor device to be tested and analyzing the value data and stores the comparison result therein, 

resultant signals from thc device. 55 In the other aspect of the semiconductor test system of the 

Because of the rapid improvement in the technology of present invention wherein a test signal is applied to a 

the semiconductor devices, a semiconductor test system for semiconductor device under test in synchronism with a 

testing such rapidly changing semiconductor devices is reference period and the resultant output of the semicon- 

frequently required to be expanded, modified or replaced ductor device under test is compared with an expected value 

with a new model. For example, in a test pattern generator 60 signal to determine whether the semiconductor device func- 

of a semiconductor test system which generates test vectors lions correctly or not, the semiconductor test system 

to be applied to semiconductor devices under test, in addi- includes: 

tion to the function of generating a test pattern of a relatively means for providing a test program for specifying various 

normal and simple sequence, an algorithmic pattern genera- test conditions necessary to test the semiconductor 

tor may be added to generate a test pattern having math- 65 device under test including a waveform of a lest signal 

emalical sequence. In such a situation where the change or to be supplied to a predetermined terminal of the 

addition of the hardware resources is made, it is necessary semiconductor device under test, 
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compiler means for converting the test program to an 
object code and interpreting the contents of the test 
program, 

compiler interface means for storing data indicating the 
hardware characteristics of the semiconductor test sys- 
tem in a table format to assist the interpretation of the 
test program in the compiler means and modifying the 
table format data in response to the change in the 
hardware, 

library means having data tables based on the specifica- 
tion of the semiconductor test system for converting the 
format of the data compiled and interpreted by the 
compiler means to data of a hardware format, 
driver means for transmitting the hardware format data to 
a data bus to transfer the data to registers in the 
hardware of the semiconductor test system, and 
an emulator which receives the data formed by said 
library means from the driver means and stores the data 
in an assigned memory area and emulates the specifi- 
cation and operation of each of said hardware based on 
the data stored in the memory area. 
According to the emulator for semiconductor test system 
of the present invention, functions of the hardware in the 
semiconductor test system can be emulated without the 
hardware. Further, even the test signal generation by the 
hardware, the resultant signal generation by the device under 
test, and the comparison of the resultant signal with the 
expected data can be emulated without the hardware of the 
semiconductor test system. In other words, since the emu- 
lation is performed for the level of specific test for the 
semiconductor device to be tested, development of the 
device program or its debugging can be completely carried 
o ut without the hardware of the test system^ 
^ Further, in the semiconductor test systerrTof the present 
invention, when there is a change or replacement in the 
hardware of the semiconductor test system, the semicon- 
ductor test system of the present invention can easily and 
quickly modify the software for controlling the newly added 
or replaced hardware. Furthermore, when there is a change 
or replacement in the hardware, the semiconductor test 
system of the present invention can carry out the modifica- 
tion of the software for controlling the new hardware 
without needs to consider the compiler. Moreover, in the 
present invention, when there is a change or replacement in 
the hardware of the semiconductor test system, the control 
data for the hardware is stored in the emulator and the 
confirmation of the control data or the development of the 
device program or its debugging can be carried out without 
the hardware of the semiconductor test system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an overall schematic 
structure of the semiconductor test system including hard- 
ware and software. 

FIG. 2 is a block diagram showing the overall schematic 
structure of the semiconductor test system of FIG. 1 
expressed by the emulator functions of the present inven- 
tion. 

FIG. 3 is a block diagram showing hardware blocks of the 
semiconductor test system with respect to the connection to 
the semiconductor device to be tested. 

FIG. 4 is a block diagram showing the test structure 
expressed by the emulator functions of the present invention 
with respect to the hardware blocks of the semiconductor 
test system and the semiconductor device to be tested shown 
in FIG. 3. 
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FIG. 5 is a flow chart showing the basic operation of the 
emulator of the present invention using separate operational 
flows. 

FIGS. 6A, 6B, 6C arc a timing chart showing signal 
5 waveforms for emulating the semiconductor device test in 
accordance with the present invention. 

FIG. 7 is a block diagram showing another embodiment 
of the present invention in which the emulator of the present 
invention is combined with the software of the semiconduc- 
10 tor test system which is capable of easily modifying the 
software when there is a change or replacement of the 
hardware of the test system. 

DETAILED DESCRIPTION OF THE 
15 PREFERRED EMBODIMENTS 

Basic structure of the overall semiconductor test system is 
shown in a block diagram of FIG. 1. A test program (device 
test program) 11 for testing a semiconductor device is 

2Q created depending on the kinds and purposes of the test for 
a semiconductor device 14 and is installed in the semicon- 
ductor test system. Generally, the device program 11 is 
produced by the user of the semiconductor test system 
according to the types and test items of the semiconductor 

25 device 14 to be tested. In the device program 1 1 , ^va jinns 
parameters are specified such as a frequency waveform. 
delay time and amplitude of the test signal to be applied to 
^ each terminal of the semiconductor device 1 4 to be tested 
and an expected value signal that should be derived from the 

3Q device 14 under test when it is provided with the test signal. 
For example, the device test program is written by a test 
description language (TDL) based on a hardware description 
language HDL or VHDL. 

The semiconductor test system is formed of an operating 

35 system 12 for monitoring and supervising each program 
operation of the test system and an hardware system (tester 
hardware) 13. The tester hardware 13 is connected to the 
operating system 12 through a hardware bus, i.e., physical 
bus lines (tester bus). The test signal (test vector) is provided 

40 to the semiconductor device 14 under test from the tester 
hardware 13 and the resultant output signal from the device 
14 under test is received by the tester hardware 13. In the 
tester hardware 13, the output signal from the device 14 
under test is compared with the expected value defined by 

45 the device program 11 to determine whether the device 
under test works correctly or not. 

FIG. 2 is a block diagram showing the overall schematic 
structure of the semiconductor test system of FIG. 1 
expressed by the emulator functions of the present inven- 

50 tion. Namely, the emulator of the present invention makes it 
possible to perform, solely by the software, the overall 
operation of the semiconductor test system and also the test 
operation to be performed by the semiconductor test system 
for the intended semiconductor device. In FIG. 2, a device 

55 program 21 and an operating system 22 are the same as the 
device program 11 and the operating system 12, 
respectively, of the actual semiconductor test system of FIG. 
1. The operating system is connected to a tester hardware 
emulator 23 through an i maginary bus line formed of the 

eo .software-^ " " J ~ 

The tester hardware emulator 23 emulates the structure 
and operation of the hardware of the semiconductor test 
system. A device emulator 24 is to emulate the functions of 
the semiconductor device 14 under test shown in FIG. 1. The 

65 device emulator 24 is connected to the tester hardware 
emulator 23 through the software. The device emulator 24 
receives an imaginary test signal from the tester hardware 
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emulator 23 and produces an imaginary output signal which Each emulator unit in FIG. 4 includes data corresponding 
is a signal resultant to be produced by the intended device to the contents of the physical register in each of the 
under test. The imaginary output signal from the device hardware blocks of FIG, 3. Therefore, an o verall emulator of 
emulator 24 is compared with the expected data by the tester FIG. 4 is a large scale register or memory in which the_dat a 
hardware emulator 23. In the foregoing structure of the 5 of " ea ch emulator unit is arranged in the corresponding 
emulator, the development of the device program and its storage area. When emulating the operation of each hard- 
debugging can be performed without using the actual hard- ware block, the data in the corresponding storage area is read 
ware of the semiconductor test system. out and evaluated. In a case where the test rate described by 
FIG. 3 is a block diagram showing hardware blocks of the the device test program is without the acceptable range of 
semiconductor test system with respect to the connection to 1Q the rate generator emulator, such test rate cannot be set in the 
the semiconductor device to be tested. In this example, the rate generator 31. In such a case, a notice will be provided 
hardware of the semiconductor test system is formed of each by the emulator based on the data in the rate generation 
hardware block of a rate generator 31, a pattern generator 32, emulator 41 that such sellings in device program is inap- 
and a frame processor 33. These hardware blocks are propriate. 

connected with one another through a tester bus and are Xo p erform an i ma gi D ary test for the intended semicon- 

monitored and controlled by the operating system 12 shown ductor device b the emulator of the nt inventi it ^ 

in FIG. 1. Each hardware block has a register therein for nec tQ duce a te$t gi { b ^ nec 

storing the necessary software to perform its operation. j * r ;L uf*u 1? ■» a « • 

^ & 3 * r data from each of the emulator units. A memory 47 is 

He rate generator 31 generates a test vector rate, i.e., a M ^ (he emulator [Q ^ (he data ^ ±e 6mulalor 

test s.gnal per.od (test rate) ba*d on the device test pro- units . when the device program is set, the data necessary for 

gram. The pattern generator 32 generates, based on the 20 ■ . ^ • • . , r 

device test program, a test signal to be applied to the generating the test signal having the test rate, test data signal 

semiconductor device 14 under test. The pattern generator waveforms denned by the device test program are taken out 

32 may include a device fail memory (DFM) 35 to store the bv each of ' he emulalor umts and stored in the memor y 4T 
information regarding the test results. The frame processor B V ^g thc data io lhc mcmorv 47 > lhe emulator generates 

33 formats the waveform of the test signal from the pattern 25 the tcst S1 g nal wmch * dcfined b V tne dcvice Program and 
generator 32 and produces rise and fall timings of the test is applied to the imaginary semiconductor device and the 
signal. By the frame processor 33, the test signal is formatted emulator compares the resultant signal to emulate the opera - 
to, for example, an RZ (return to zero) waveform, an NRZ tion of the device evaluation. According to the foregoing 
(non-return to zero) waveform, or an EOR (exclusive OR) functions of the emulator, the development of the device 
waveform. The frame processor 33 further determines, 30 program and its debugging can be performed without using 
based on the timing data from the rate generator 31, delay the actual hardware of the semiconductor test system, 
timings of the test signal within the test rate and strobe Further, by the device program thus developed and 
timings for which the comparison operation is carried out by debugged, it is able to confirm whether the intended test for 
a comparator circuit which will be described later. the intended semiconductor device can be properly per- 

The test head 34 is to interface between the semiconduc- 35 f° rme d. 

tor test system and the semiconductor device 14 under test. FIG, 5 is a flow chart showing the basic operation of the 

When the semiconductor device 14 is mounted on the test emulator of the present invention using separate operational 

head, the test signal which has been wave formatted is flows (layers). The example of FIG, 5 has three operational 

provided to the semiconductor device 14 through the test flows of the emulator. When the device program is produced 

head 34. As a result of the application of the test signal, the 40 by means of a language such as TDL, the device program is 

resultant signal is produced by the semiconductor device 14 interpreted by the operating system and is transmitted as 

under test. The test head 34 includes a comparator circuit address and data to each register in the hardware of the 

which compares the resultant signal from the semiconductor semiconductor test system. In performing the emulator 
device 14 and the expected value defined by the device' operation, the address and data are transferred to the 

program and determines whether the resultant signal is 45 memory in the emulator in the step 12 through the imaginary 

acceptable or not. The comparison timings in the comparator tester bus in the step 11. The memory areas are provided in 

circuit are defined by the strobe signals generated by the the emulator corresponding to the registers in the hardware 

frame processor 33. The comparison results are stored in the of the semiconductor test system. If the device program is 

device fail memory 35 provided, for example, in the pattern proper, the data to be provided to the memory areas in the 

generator 32 as noted above. 50 emulator should be also proper and can be stored in the 

FIG. 4 is a block diagram showing the test structure memory area. Therefore, in case where the emulator is used 

expressed by the emulator functions of the present invention only for evaluating whether the data that should be trans- 

with respect to the hardware blocks of the semiconductor ferred to the hardware blocks of the test system is proper, the 

test system and the semiconductor device to be tested shown result of the emulation is returned to the operating system 

in FIG. 3. The emulator units in FIG. 4 one-to-one corre- 55 through the loop (a). 

spond to the hardware blocks of FIG. 3. Namely, in FIG. 4, On the other hand, in case where the emulator is used for 

a rate generation emulator 41 emulates the test rate genera- evaluating whether the operations in the hardware are proper 

tion function of thc rate generator 31. A pattern generation or not, such an emulator operation is carried out in the flow 

emulator 42 emulates thc test signal generation function of of the loop (b). Namely, in the step 13, the operation of each 

the pattern generator 32. A frame processor emulator 43 60 of the hardware blocks is emulated based on the data stored 

emulates the functions of the wave formatting and timing in the memory area. The emulator corresponding to the 

determination by the frame processor 33. A test head emu- hardware of the test system is configured as shown in FIG. 

lator 44 emulates the functions of the test head 34 by 4 as noted above. The result of the emulation is returned to 

supplying the test signal to a device emulator 45 and the operating system through the loop (b). 

comparing the resultant output signal with the expected 65 Further, in case where the emulator is used for evaluating 

value. The device emulalor 45 emulates the operation of the whether the operations of the application of the lest signals 

semiconductor device 14 under test. to the intended semiconductor device and the comparison of 
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the resultant signal with the expected data can be properly test operation in the hardware of the semiconductor test 

performed based on the device program, such an emulation system. When the hardware is modified or added, the 

operation is carried out in the flow of the loop (c). In this structure of the test description language (TDL) involving 

flow, in the step 14, the test signal to be applied to the device the test of the hardware is modified accordingly^ 

under test is emulated. In the step 15, the situation in which 5 The master processor (also be referred to asC^MPj^ is 

the test signal is applied to the device under test is emulated. basically a compiler which _is called as a TDL compiler or 

Thus, in the step 15, the signal resulted from application of just-in-time compiler by the assignee of the present inven- 

the test signal to the device is emulated and obtained from tion - ^ master processor 51 converts the test program TDL 

the device under test. In the step 16, the operation of which is the source code to the object code and interprets the 

comparing the resultant signal from device under test 10 lest P r °g ram * The master processor 51 then provides the 

obtained in the step 15 with the expected data is emulated. control data to the corresponding hardware of the semicon- 

In acquiring the comparison results, the process goes back to u fj° r svst ^ m * 

the step 14 wherein the next test signal is emulated. These ^ MP interface ( also be ^erred to as "MPI") 54 works 

emulation operations of applying the test signal and com- as a table ma PP in S function for providing data necessary for 

paring the resulted signal are repeated until the end of the is th c e interpretation to the master processor 51. The table map 

device test program with the test rate defined by the device of the MP interface 54 includes a list of data having a 

program. sentence format for judging the grammar of the TDL lan- 

. u_«u - *i r r guage and program libraries for perusing the judgement. The 

FIG. 6 is a timing chart showing signal waveforms for , & J - 

... 4 , ... 4 f . ^ . . . new data corresponding to the addition or modification of 

emulating the application of the test signal to the scmicon- iU . * • a u aa- *. n - * 

, . . . a * * .u „ , . , n the hardware is made by adding a table in the MP interface 

ductor device under test, generating the resultant signal by 20 - A , ■ ■ #u . i j . j- 

, . • 4 . a - ,. ... . f 54. in receiving the information data regarding the gram- 
me device under test and comparing the resultant signal with «,»ui,f-.«h««f.u TT^ir i • .u . r 

. . . # . , * ?. „ e matical structure of the TDL language in the sentence form 

the expected data, in accordance with the flow (c) of FIG. 5. r K ,„ ■ ♦ ^ c - tU * « c 

™ t *\ . . . . ™„ £x . . .... . trom the MP interlace 54, the master processor 51 performs 

The test signal shown in FIG. 6A is generated with the test tUfl rt A ■ t t t > r r 4 . 

# T ,u j i *• * a *u c ac j i_ iL the compilation and interpretation operations for the test 

rate T, the delay tune t and the waveform as defined by the „ „ . . t . . f r t . , \ A (i - i( _ 

, . ' t 3 , . i * j * * l a * j ne program based on the information data. As a result of the 

device test program and is applied to the device under test. 25 „ t r . _ , 

A n . f » * i c- .u • * a a a • • interpretation by the master processor 51, the corresponding 

A resultant output signal from the intended device is gen- • „ ,, . MI , r - A . t , r , ,, & 

* a uu j* *ju.i_ t_ . ■ ft program library in the MP interface 54 is executed and the 

erated which is determined by the characteristics of the °, , , . . ™ r . f , ( A 4 4 « 

,. j . . r-- u * • i • i test data described in TDL is transferred to the tester library 

device under test. The resultant output signal is compared ^ J 

with the expected data with the strobe timing shown in FIG. ™ t , ... „ t . , . , 

6C defined by the device test program. 30 ™e ^ ^ ^T* ^ f °? at ° f ^ 

m . \ , , A . f . , , from the MP interface 54 based on the specifics of the 

FIG. 7 is a block diagram showing another embodiment har dware. For example, voltage values or time values of the 

of the present invention in which the emulator of the present test signal received in a floating poim form are mmntUld {q 

invention is combined with the operating system of the a ^querm of bits that can be interpreted by the hardware, 

semiconductor test system which is capable of easily modi- Fmbei7 the actual limiti parameters corresponding to the 

fying the software when there is a change or replacement of test program are defined based on the limits of (he 

the hardware of the test system. In this embodiment, the parameters, such as a voltage, current, frequency, etc. for 

evaluation of control data associated with the change and each of the hardware of the semiconductor test system. The 

addition of the hardware, the development of the device 5us driver 25 ^ a driver for sending data to each of the 

program and its debugging can be performed without using registers in the hardware of the semiconductor test system 

the hardware of the test system. through a data bus. 

The semiconductor test system of the present invention i n tne configuration of the present invention, prior to the 

makes it possible to set a control program data correspond- operation of the test system, the master processor 53 

ing to the replacement or addition of the hardware by simply instructs to load the data and program to be installed in the 

providing additional data in a sentence format on a table as 45 MP interface based on hardware of semiconductor test 

well as adding library data. Such a modification of the system. If the hardware is newly added, by interpreting the 

control program is independent of the compiler function. tes t program in consideration of the data and program 

Further, by changing definitions in a register, the change or associated with such an addition of the hardware, the newly 

addition of the hardware can be easily made in the present added hardware in the semiconductor test system can be 

invention. 5Q effectively used. 

The example of FIG. 7 is formed of a test program 51, a As an example, it is assumed in the following that 

master processor 53, a master processor (MP) interface 54, hardware is newly added to the semiconductor test system 

a tester library 56, a bus driver 55, a tester bus 52, an and thus it is necessary to store the control data to registers 

imaginary tester bus 57, and an emulator 59. By this 58 1 , 58 2 and 58 3 in the new hardware as shown in FIG. 7. 

arrangement, the compilation and interpretation of the test 55 Corresponding to the newly added hardware, tables 54\ 54 2 

program is pursued by the master processor 53 indepen- and 54 3 are added in the MP interface at the start of the 

dently from the data regarding the structure of the hardware operation. The contents of the tables are formed of, for 

in question. In other words, the master processor 53 is not example, data in a sentence form for determining the gram- 

directly involved in the procedures of transferring the con- ma r of the TDL language and the program to carry out the 

trol data for carrying out the test to registers 58 in the 60 determination. 

hardware 13. Ordinarily, according to the change in the hardware, it is 

In the example of FIG. 7, the test program 51 is a program necessary to change the structure of the test program. In such 

described by a test description language (also be referred to a case, as shown in FIG. 7, test programs 51 1 , 51 2 and 51 3 

"TDL"). The test description language is structured by a will be added, if necessary. The tester library 56 produces a 

hardware description language such as HDL or VHDL, The 65 parameter table, as a source program, for data conversion 

lest program 51 has a form of source code. The user provides corresponding to the specifics of the new hardware. The 

necessary test parameters in the test program to define the tester library is described, for example, by C-language. 
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In receiving the newly acquired data in the tables 54 1 , 54 2 
and 54 3 from the MP interface, the master processor 53 
interprets the program from the test program 51 based on the 
table data. Since the test programs 51 \ 51 2 and 51 3 are 
added when necessary, the compilation and interpretation of 
these test programs are carried out by the master processor 
based on the corresponding data of the tables 54 \ 54 2 and 
54 3 from the MP interface. As a result, the data defined in the 
test program is provided to the tester library 56 through the 
MP interface 54, The tester library 56 converts the format of 
the received data produced through the data in the tables 54\ 
54 2 and 54* of the MP interface to a data format that can be 
received by the hardware, and supplies the format converted 
data to the bus driver 25. The control data is transferred and 
stored in the registers 58 1 , 58 2 and 58 3 in the hardware 13 
through the bus driver 55 and the tester bus 52. 

Instead of storing the control data in the registers 58\ 58 2 
and 58 3 in the hardware 13, in the present invention, the 
control data from the bus driver 55 may also be transferred 
to the emulator 59 through the imaginary data bus 57. In a 
case where the hardware 13 of the semiconductor test 
system is not easily available, by the use of the emulator 59 
in place of the hardware 13 to be added or modified, the 
development of the software and confirmation of its opera- 
tion can be carried out. As exemplified in FIG. 4, the 
emulator 59 is configured to include the emulator units for 
emulating the functions of the corresponding hardware 
blocks. Each of the emulator units is organized in a desig- 
nated memory area 58'. 

In this example, the memory areas 58 1 , 58 2 and 58 3 , 
which correspond to the registers 58\ 58 2 and 58 3 in the 
hardware 13 that are to be added, are designated. The data 
which has been format converted by the tester library 56 is 
transferred to the memory areas 58 1 , 58 2 ' and 58 3 ' through 
the bus driver 55 and the imaginary tester bus 57. The 
emulation is carried out based on the data received in this 
manner to examine the functions of the hardware blocks that 
are to be added to the test system. Therefore, witjuheusj^pX. 
the emulator, the propriety of "the controOata for the 
hard ware '6r~t He Beveloprne n t of the" device program and its' 
debugging can be performed without the hardware. 

As described in the foregoing, according to the semicon-^ 
ductor test system of the present invention, functions of the 
hardware in the semiconductor test system can be emulated 
without the hardware. Further, even the test signal genera- 
tion by the hardware, the resultant signal generation by the 
device under test, and the comparison of the resultant signal 
with the expected data can be emulated without the hard- 
ware of the semiconductor test system. In other words, since 
the emulation is performed for the level of specific tests for 
the semiconductor device to be tested, the development of 
the device program or its debugging can be completely 
carried out without the hardware of the test system. ^ 
*~~\ Further, in the semiconductor lest system of the present 
invention, when there is a change or replacement in the 
hardware of the semiconductor test system, the semicon- 
ductor test system of the present invention can easily and 
quickly modify the software for controlling the newly added 
or replaced hardware. Furthermore, when there is a change 
or replacement in the hardware, the semiconductor test 
system of the present invention can carry out the modifica- 
tion of the software for controlling the new hardware 
without needs to consider the compiler. Moreover, in the 
present invention, when there is a change or replacement in 
the hardware of the semiconductor test system, the control 
data for the hardware is stored in the emulator and the 
confirmation of the control data or the development of the 



device program or its debugging can be carried out without 
the hardware of the semiconductor test system. 

5^hat is claimed is: 
(ly^ semi conductor test system for testing a s emiconduc- 
tor dcvice~py applying a test sig nal to a semiconductor 
device unde r test in synchronism with a reference period and 
comp a ringjhe resultant output ot th e semico n ductor dev ice 
under test wi th an e xpected value to determine whether fhT" 
' semiconductor devic eHKTnctions ^ co rrectly of not, compris- 

tester emulator which emulates _ a function of each! ) 
hardware unit of the test system j o such a degree that 
operations ol registers in the hardware unit are 
emulated, and the teste r emulator j nc}ndjr jg- 
5 a rate em ulator unit f^rjg enerating dat ^ Sefining a tesP ) 
: signal) period; 
a pattern generation emulator unit for generating a test 
S — signaLhaSfidj2P the test program; and 
C a frame processorj e mutator unit for formatting the test 
0 signal based and producing timings of the test signals 

based on the data from the rate emulator unit and the 

pattern gener ation emulator unit; 

( a device emulator^ vhich emulates a function of a semi- 
— conductor device to be tested; 



iitj)ec< 



:essary 



30 



35 



40 



50 



55 



60 



f me ans for acquiring d at a from the emulator unit r 
' tor carrying out a lest program; and 
a device test emulator which provides att est signal t jfr the 
device emulator based on the acquired data anof jSom- \ 
' pa res the 1 resultant signaisj from the device emulator 
with the expected data and stores the comparison result 
therein ; 

wherein said tester emulator, device emulator, data 
acquiring means and device test emulator are provided 

jftware of said test system. 
. A s oftwarej n a semiconductor test system for testing a 
semiconductor device by applying a test signal to a semi- 
conductor device unHer test in synchronism with a reference 
period and comparing the resultant output of the semicon- 
ductor device under test with an expected value to determine 
whether the semiconductor device functions correctly or not, 
comprising: 

test program input means for providing a test program to 
specify various test conditions necessary to test the 
semiconductor device including a waveform of a test 
signal to be supplied to a predetermined terminal of the 
semiconductor device under test, the test program 
being changed in its test description format when there 
is a change in hardware of the semiconductor test 
system; 

compiler means for compiling and interpreting the test 
program to convert the test program to object codes; 
compiler interface means for storing data indicating the 
hardware characteristics of the semiconductor test sys- 
tem in a table format to assist the compilation and 
interpretation of the test program in the compiler 
means; 

library means having data tables based on the specifica- 
tion of the semiconductor test system for converting the 
data compiled and interpreted by the compiler means to 
hardware format data; 
driver means for providing the hardware formal data to a 
data bus to transfer the data to registers in the hardware 
of the semiconductor test system; and 
an emulator which receives the data formed by said 
library means from the driver means and stores the data 



08/11/2003, EAST version: 1.04.0000 



5,951,704 



11 




in assigned memory areas and emulates the specifica- 
tion and operation of each of said hardware based on 
the data stored in the memory area to such a degree that 
operations of registers in the hardware arc emulated, 
and the emulator including: 

a rate emulator unit for generating data defining a test 
signal period; 

pattern generation emulator unit for generating a test 
signal based on the test program; and 
a frame processor emulator unit for formatting the test 
signal based and producing timings of the test signals 
based on the data from the rate emulator unit and the 
pattern generation emulator unit; 
wherein, the library means is provided with new param- 
eters corresponding to the change in the hardware of 
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the semiconductor test system, and the data in the table 
format in the compiler interface means is modified in 
response to the new parameters in the library means, 
thereby the change in the test description format is 
converted to object codes by the compiler means with 
use of modified data in the compiler interface means. 
3. A software in a semiconductor test system for testing a 
semiconductor device as defined in claim 2, further includes 
driver library means having data tables based on the physical 
specification of a register in the hardware for converting the 
data from the library means to data of a format to be stored 
in the register. 
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